Tide Gauge Records, Water Level Rise, and Subsidence in the Northern Gulf of Mexico by Turner, R. Eugene
Louisiana State University 
LSU Digital Commons 
Faculty Publications Department of Oceanography & Coastal Sciences 
6-1991 
Tide Gauge Records, Water Level Rise, and Subsidence in the 
Northern Gulf of Mexico 
R. Eugene Turner 
Follow this and additional works at: https://digitalcommons.lsu.edu/oceanography_coastal_pubs 
Estuaries Vol. 14, No. 2, p. 139-147 June 1991 
Tide Gauge Records, Water Level Rise, and 
Subsidence in the Northern Gulf of Mexico 
R. EUGENE TURNER 
Department of Marine Sciences and 
Coastal Ecology Institute 
Center for Wetland Resources 
Louisiana State University 
Baton Rouge, Louisiana 70803 
ABSTRACT: Long-term water level changes in the northern Gulf  o f  Mexico were examined using tide gauge 
records for this century. Strong coherence exists  between the annual mean water changes at Galveston, Texas,  and 
(1) the relatively geologically-stable west coast o f  Florida, (2) global mean sea level, and (3) the subsiding Louisiana 
coast. Water levels  at the Galveston gauge, one o f  the longest  records (81 yr), have risen steadily, but not accelerated 
over the long-term. The apparent acceleration o f  water rise in the recent two decades is within the historical pattern, 
and is probably driven by regional or global, but not local climatic factors. Because eustatic sea level  has risen 
steadily this century, the analysis supports the conclusion that regional geologic subsidence has not varied signif-  
icantly over the tide gauge record (1909-1988).  Variations in the estimates o f  subsidence in the surface layers are 
general ly  consistent  with the generally accepted understanding o f  the geology o f  deltaic processes on this coast. 
Introduction 
Tide gauge records from the Gulf of Mexico 
have been used to estimate eustatic sea level rise 
(Gornitz et al. 1982), geological subsidence due to 
compaction and crustal downwarping (Swanson and 
Thurlow 1973; Penland et al. 1987; Ramsey and 
Moslow 1987), and the disparity between water 
level rise and vertical accretion of  sediments 
DeLaune et al. 1978, 1986a, b; Baumann 1980). 
They are also used to develop management con- 
clusions about increases in sea level rise and geo- 
logical subsidence, less vertical accretion than rel- 
ative sea level rise, related secondary interpretations 
about wetland loss and management (Templet 
1987), and estimates of  how much oil and gas fluid 
withdrawal contributes to geologic subsidence 
(Penland et al. 1987). These latter analyses gen- 
erally examined tide records of  20 yr or less, thus 
excluding discussion of  longer term variations. An 
analysis of  the available tide gauge records is made 
to (1) determine sea level rise and settling rates for 
this century (i.e., geologic subsidence), (2) assess 
long-term water level variations, and (3) re-evalu- 
ate estimates of  the balance between eustatic water 
level changes and sedimentation rates. These anal- 
yses were accomplished by establishing coherence 
between annual water level for records throughout 
this century, principally at Galveston, Texas, and 
the many shorter records. 
Methods and Materials 
'Fide gauge records from 55 coastal stations (Ta- 
ble 1) were analyzed with the assistance of  K. Ram- 
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sey and S. Penland, Louisiana Geological Survey 
(LGS), by selecting data sets from two technical 
reports by the LGS (Penland et al. 1986, 1987) and 
cross-checking with xerographic copies of  the orig- 
inal records supplied by the collecting agency. The  
two LGS reports include monthly summaries of  
daily records collected by the U.S. Army Corps of  
Engineers (COE) and the National Oceanic and 
Atmospheric Administration (NOAA). Discrep- 
ancies between data sets were resolved by exami- 
nation of  the original records in consultation with 
LGS and updated reports from NOAA supplied as 
computer data tapes. All staff gauge readings were 
corrected to adjusted mean sea level, per notations 
in the original individual gauge records. Several 
station records contained information to the effect 
that a nearby water control structure influenced 
water levels through pumping stations, gates, weirs, 
or locks; these latter stations were therefore not 
analyzed further. An estimate of  mean global sea- 
level change is from Barnett (1984). Data from the 
Galveston Bay, Texas, Pleasure Pier is from Lyles 
et al. (1988). 
Two averages of  water levels were used in this 
analysis. Monthly means are the averages of  the 
reported daily readings for that month. Monthly 
means were not computed with less than 20 d data 
per month. A mean yearly average is the average 
of  the monthly means for that year. 
Water level at the Galveston, Texas, Pier 21 sta- 
tion, was analyzed for long-term trends in annual 
mean water level and for various running averages 
(10-30 yr) of  mean annual water level. Water level 
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T A B L E  1. T ide  gauge  record  location and  record  length  used for this analysis. 
Station 
Number Station Name R t Years 
Comparison to Galveston s t a t i o n  
Interpreted 
Slope #23 72 yr water 
























































Calcasieu R. & Pass nea r  C a m e r o n ,  LA 
Calcasieu R. & Pass at Hackber ry ,  LA (Cameron  Parish) 
M e r m e n t a u  R. at Catfish Point  Cont ro l  S t ruc tu re  (S. Auto)  
Schoone r  Bayou at Cont ro l  S t ruc tu re  (E. Auto)  
Schoone r  Bayou at Cont ro l  S t ruc tu re  (E. Staff) 
In tercoas ta l  Wate rway  at Vermi l ion  Lock (E. Auto)  
Intercoasta l  Wate rway  at Vermi l ion  Lock (E. Staff) 
ln tercoas ta l  Wate rway  at Vermi l ion  Lock (W.) 
Wax Lake Ou t l e t  at Ca lume t  
Atchafa laya  Bay nea r  Eugene  I s l a n d - - C O E  
Lower  Atchafa laya  River at Morgan  City, LA 
Bayou Black at Greenwood ,  LA 
Intercoasta l  waterway at H o u m a ,  LA 
Bayou R igaud  at G r a n d  Isle, L A (#1 o f  2) 
Sou th  Pass Bar  Near  Port  Eads, LA 
Lake Pon tcha r t r a in  Near  Sou th  Shore  
Lake Pon tcha r t r a in  at Little Woods,  LA 
Lake Pon tcha r t r a in  at West  End, LA 
Lake  Pon tcha r t r a in  at Fren ie r  
Lake  Pon tcha r t r a in  at Mandevil le ,  LA 
Atchafa laya  Bay nea r  E ugene  Island, LA COE (delta) 
Bayou Rigaud  at Grand  Isle, LA (#2 o f  2; bar r ie r  island) 
Galveston,  T X  
Por t  Isabel, T X  
Gul f  o f  Mexico at Biloxi, MS 
Pensacola,  FL 
Cedar  Key, FL 
St. Pe te r sburg ,  FL 
Key West ,  FL 
C h a r e n t o n  Dra inage  Canal  nea r  F loodgate  
C h a r e n t o n  Dra inage  Canal  at Baldwin, LA 
C h a r e n t o n  Dra inage  Canal  at Mud  Lake,  SW of  Baldwin, LA 
Bayou Sale at Luke ' s  L and i ng  
W ax  Lake  vicinity o f  Belle Isle 
Wax  Lake  Wes t  Dra inage  area  at cont ro l  s t ruc tu re  
In tercoas ta l  waterway at W ax  Lake W. control  s t ruc tu re  
Bayou T e c h e  at W. Ca lume t  Floodgate  
Six mile Lake  at Verdunvi l le ,  LA (filled in over  last 50 years) 
R o u n d  Bayou at Deer  Island, L A 
Lower  Atchafa laya  River below Sweet Bay Lake (delta) 
Lower  Atchafa laya  River at Berwick Lock (W.) (delta) 
Bayou B o e u f  at B. B oeu f  Lock (E.), nea r  Morgan  City, LA 
Belle River  nea r  Pier re  Pass, LA 












zou L a fou rche  at Donaldsonvil le ,  LA 
rou B o e u f  at Amel ia ,  LA 
zou Black at Gibson,  LA 
r L a f o u r c h e  at T h i b o d a u x ,  LA 
zou Petit  Caillou at Cocodrie ,  LA 
zou L a fou rche  at Valent ine ,  L A 
1ou Cheureu i l  nea r  Chegby ,  LA 
zou des  A l l emands  at des Al lemands ,  LA 
zou Blue nea r  Catfish Lake,  L A 
~ou L a f o u r c h e  at Golden  Meadow, LA (oi lf ie ld/bridge)  
rou L a fou rche  at Leesville, LA 
0.78 38 1.17 0.73 
0.76 37 1.15 0.72 
0.76 31 1.14 0.72 
0.75 38 0.96 0.61 
0.82 37 0.96 0.60 
0.78 38 0.85 0.54 
0.72 37 0.85 0.54 
0.58 38 - -  - -  
0.77 38 3.37 2.12 
0.71 4 1.69 1.07 
0.67 47 2.02 1.27 
0.84 35 2.00 1.25 
0.51 34 - -  - -  
0.53 31 - -  - -  
0.77 32 2.04 1.28 
0.91 31 1.22 0.77 
0.84 45 1.42 0.89 
0.60 47 0.68 0.43 
0.48 47 - -  - -  
0.75 49 0.70 0.44 
0.85 33 1.35 0.85 
0.83 28 1.07 0.67 
1.00 73 1.00 0.63 
0.84 34 0.58 0.37 
0.25 27 - -  - -  
0.75 47 0.42 0.26 
0.78 53 0.32 0.20 
0.71 33 0.31 0.20 
0.76 67 0.33 0.21 
0.45 34 - -  - -  
0.10 38 - -  - -  
0.08 9 - -  - -  
0.91 23 1.78 1.12 
0.72 7 2.87 1.80 
0.31 25 - -  - -  
0.84 25 2.45 1.54 
0.88 29 1.44 0.91 
0.77 31 4.34 2.73 
0.07 7 - -  - -  
0.72 24 1.91 1.20 
0.81 24 1.94 1.22 
0.79 26 1.46 0.92 
0.64 23 1.60 1.00 
0.88 25 2.08 1.31 
0.40 20 - -  - -  
0.29 37 - -  - -  
0.78 10 2.34 1.47 
0.01 11 - -  - -  
0.78 11 0.99 0.62 
0.84 14 1.54 0.97 
0.71 23 1.16 0.73 
0.60 30 0.84 0.53 
0.85 5 0.90 0.56 
0.86 19 1.99 1.25 
0.80 23 0.87 0.55 
rise at this station began in 1909, whereas the gauge 
at Pleasure Pier station began in 1958. A linear 
regression of  annual data from one with the other  
yielded an R 2 of  0.81 for the 21 yr recorded in 
Lyles et al. (1988). Annual coherence among sta- 
tions was determined using a simple linear regres- 
sion analysis of  the mean annual water level for 
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Fig. 1. The annual water level at Galveston, Texas, from 
1909 to 1988. Two different long-term means are shown to- 
gether with the linear regression: the annual mean and a 10- 
yr moving average of the annual mean. Also shown are linear 
regression relationships between year and mean annual water 
level for 1942-1962 and for 1962-1982. To the right is the 
range of water level for the average water level changes over 
the 81 -yr record and the range of monthly water level for 1950- 
1979 (see text for details). 
level o f  a n o t h e r  gauge.  T h e  in te rpo la ted  81-yr av- 
e rage  water  level rise o f  individual stations in Lou-  
isiana was calculated using these corre la t ions  in 
cases where  the R * > 0.60 and  years > 10, by 
mul t ip lying the slope o f  the  l inear regress ion for  
the Louisiana gauge  by the 81-yr average  water  
level rise at Galveston.  A polynomial  regression o f  
water  level at one  station c o m p a r e d  to the  o thers  
was not  used because  the  coefficient o f  de te rmi-  
nat ion,  R 2, was always h igher  for  the  l inear  re- 
gression. 
T h e  ages o f  the Louis iana deltaic subsurface soils 
are  those r e p o r t e d  in Frazier  (1967) and  Penland 
et al. (1987). Addi t ional  recent  data  are  f r o m  Smith 
et al. (1986) for  the  Atchfa laya  delta and  T e r r e -  
b o n n e  Parish wetlands. 
R e s u l t s  a n d  D i s c u s s i o n  
MEAN ANNUAL WATER LEVELS 
T h e  Galveston,  Texas ,  Pier 21 tide gauge rec- 
ords  were  used extensively as a su r roga te  for  in- 
vest igat ing long- te rm water  level changes  at o the r  
stations because  o f  (1) its long r eco rd  ( 1 9 0 8 - 1 9 8 8 )  
and (2) the  cohe rence  o f  mean  annual  water  level 
with those 41 o the r  gauge records.  Wa te r  levels at 
Galveston increased 0.63 + 0.023 (/z + 1 SD) cm 
yr - '  for  the last 81 yr. T e n -  and  18-yr runn ing  
averages  o f  water  levels showed relatively constant  
var ia t ion abou t  the mean ,  a constant  increase,  but  
no p e r m a n e n t  accelera t ion  over  tha t  t ime per iod  
(Fig. 1). Recen t  ave rage  annual  water  level rise 
appea r s  to be decl ining to thc long- te rm rise of  this 
century .  T h e s e  results do not  cont rad ic t  the find- 
ing by Penland  et al. (1986, 1987, 1988) that  sea 
level rise in the  n o r t h e r n  Gul f  o f  Mexico f r o m  1942 
to 1962 was well below that  f r o m  1962 to 1982, 
but  puts  those changes  f r o m  one  lunar  epoch  (18.6 
yr) to a n o t h e r  into an historical  perspect ive.  Pen- 
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Fig. 2. Mean annual water levels at Galveston compared to 
Cedar Key, Florida (station 27, 1914-1980) and Key West, Flor- 
ida (station 29, 1913-1980). 
land et al. (1987) indicated that  the intervals 1942 -  
1962 and 1962-1982  were  per iods  of  increased 
water  level rise, or  accelerat ion,  in the n o r t h e r n  
Gu l f  o f  Mexico. This  accelera t ion is obse rved  for  
the Galves ton tide gauge record  ( f rom 0.32 to 1.15 
cm yr -I, respectively;  Fig. 1). However ,  f rom a his- 
torical perspect ive ,  the accelera t ion f rom 1962 to 
1982 appears  to be  short- l ived and within the  his- 
torical variat ion.  This  is not  to suggest  that  water  
level rise at Galveston will not  eventual ly accelera te  
as a consequence  o f  climatic changes  (e.g., in at- 
mospher ic  ca rbon  dioxide). T h e  cur ren t ly  avail- 
able r eco rd  at these stations does not  conclusively 
indicate accelerat ion,  but,  ra ther ,  var ia t ion abou t  
a long- te rm mean  sea-level rise. 
Wate r  levels at the Galves ton tide gauge  are  well 
co r re la ted  with those f r o m  (1) the west coast o f  
Florida (Fig. 2), which is cons idered  a relatively 
geologically stable calcium ca rbona te  p l a t fo rm and 
t h e r e f o r e  subsiding little, if  at all, and (2) the  global 
mean  sea level (R ~ -- 0.90; n - 70; Fig. 3). T h e s e  
two unchang ing  relat ionships suppor t  the hypo th-  
esis that  mean  annual  water  level rise across the 
Gul f  o f  Mexico and  the world  oceans  are  changing  
at relatively constant  rates  and  are  not  accelera t ing  
in this century.  I f  geological  subsidence at Galves- 
ton was accelerat ing,  for  example ,  then  the rela- 
t ionships shown in Figs. 2 and 3 would be curvi- 
linear, not  linear. 
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Fig. 3. Mean annual water levels at three stations in the 
northern Gulf of Mexico compared to the mean global sea level 
(from Barnett 1984). 
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Fig. 4. Annual mean water levels (cm) at Galveston, Texas (station 23) versus annual mean water levels at three stations in 
southwestern Louisiana, near Cameron. The number in the figure is the estimated long-term water level rise at each station based 
on this relationship and the long-term record at Galveston. 
Annual  water  levels at Galveston and Louisiana 
t ide gauges are similarly related,  a l though at dif- 
f e ren t  ratios than in the two previous examples.  
Specific examples  will be discussed below. For  ex- 
ample,  the annual  water  level at the Galveston tide 
gauge record  is well cor re la ted  with the shor te r  
t e rm reco rd  o f  annual  water  levels in southwestern 
Louisiana (Fig. 4) and Barataria Bay, Louisiana 
(Fig. 5), located just  west o f  the m o d e r n  Mississippi 
River  delta. Lack o f  cohe rence  between the water  
level at Galveston and Louisiana stations was ob- 
served only at stations with short  t ide gauge rec- 
ords (less than 10 yr), where  pumps or  tidal gates 
were active, at one  gas and oil field, or  where  the 
newly emerg ing  Atchafalaya River delta is growing 
near  a major  r iver  distr ibutary.  
T h e  Galveston tide gauge record  can the re fo re  
be used as a sur roga te  for  relative changes at o the r  
gauges where  coherence  be tween annual  water  lev- 
els is high (R ~ > 0.60). Tab le  1 contains pe r t inen t  
data on the corre la t ion  be tween annual mean  wa- 
te r  levels at Galveston and o the r  stations and an 
estimate o f  the long-term water  level rise based on 
those correlat ions.  These  est imated values range  
f rom about  0.2 to 2.7 cm yr -I for  all stations, and 
average about  0.90 cm yr -1 for  all Louisiana sta- 
tions with reliable record  quality (i.e., with an R 2 
> 0.60 in Table  1). T h e  highest  rates o f  water  
level rise are where  recent  sedimentat ion is the 
highest  (at deltas; 1.37 cm yr-~; Tab le  2). 
MONTHLY VARIATIONS IN WATER LEVEL 
Water  levels vary daily, seasonally, and over  pe- 
riods longer  than lunar  cycles (Fig. 1). Water  level 
variation among  months  is of ten  10 times h igher  
than variat ion among  years and this can be attrib- 
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W a t e r  Level at Galves ton  
Fig. 5. The  relationship between annual mean water level 
at Galveston, Texas (station 23) and six stations in or near 
Barataria Bay, Louisiana. The  number  in the figure is the es- 
timated long-term water level rise at each station based on this 
relationship and the long-term record at Galveston. 
uted to differences in climatic influences (e.g., cold 
front passages in winter and storm events in sum- 
mer). It takes little imagination to invoke climatic 
variability to explain variation among years (e.g., 
Bradley et al. 1987; Swenson and Turner  1987) 
because of the observed coincidental variations be- 
tween wind, water level, temperature, and river 
discharge over days, months, and years. Knowl- 
edge of the sources of within-year variations in sea 
level is useful to understand these among-year vari- 
ations, for variations in the former should be re- 
lated to variations in the latter. The monthly vari- 
ation in sea levels throughout the Gulf of Mexico 
(Fig. 6) is low in the winter and high in the late 
summer. The highest range is exhibited at stations 
in the central northern Gulf of Mexico. A second- 
ary feature of  note is the second minimum occur- 
ring in July or August at most stations, but which 
is weakly developed at the Florida stations. Similar 
patterns are observed at tide gauge stations in Mex- 
ico and Cuba (Marmer 1954; Whitaker 1971). 
Most of the monthly variation is due to monthly 
changes in seawater density (steric effects), prob- 
ably temperature related, but some related to at- 
mospheric pressure changes related to the passage 
of winter cold fronts (Whitaker 1971). The sec- 
ondary minimum might be due to atmospheric 
changes, tides, or river runoff. Patullo et al. (1955) 
discounted long-term astronomical tides as a sig- 
TABLE 2. Average water level rises (from Table 1) grouped 
by geologic setting in Louisiana. 
M e a n  
G e o l o g i c  S e t t i n g  c m  y r  -~ 1 SE N u m b e r  
All samples 0.90 0.08 42 
Passes 0.72 0.005 2 
Recent deltaic deposits 1.37 0.13 9 
Bayous and streams 0.96 0.13 17 
Barrier islands 0.67 - -  1 
Water control structures 0.65 0.06 6 
Bridge 1.25 - -  1 
nificant source of the variation because of their 
small amplitudes. Local steric effects in shallow wa- 
ter or river runoff might be also another source, 
but this second trough also appears simultaneously 
at Casilda, on the south side of Cuba, and at Puerto 
de Hierro and Cumana, Venezuela, thus implying 
a regional, not local, phenomenon. Chew (1964) 
argued that the relaxation of  winds in mid-summer 
was significant enough to produce a large enough 
variation in onshore transport, and thus contribute 
to the occurrence of the secondary minimum. 
Whitaker (1971) observed that seasonal variations 
in steric effects were sufficient to cause this sec- 
ondary minimum in the eastern Gulf of Mexico, 
and disagreed with Chew about the effects of local 
winds, postulating that this secondary minimum in 
the western Gulf of Mexico was due to variations 
in the wind stress in the Caribbean Sea. 
The monthly variations in sea level thus appear 
to be more influenced by steric and atmospheric 
affects than local runoff or astronomical tides. 
Variations in these same factors should have a sig- 
nificant effect on annual variations, as well, and 
may be of different lengths than lunar epochs (18.6 
yr). 
LONG-TERM SUBSIDENCE RATES 
Water levels may also change because the land 
sinks from geological (deep) subsidence or from 
soil oxidation in the shallow surface layers of  a 
marsh (also called subsidence by soil scientists). Re- 
cent estimates of global average water level rise are 
not in complete agreement and range from 0.1 to 
0.24 cm yr -~ (Gornitz and Lebedeff 1987; Peltier 
and Tushingham 1989). I used Gornitz and Le- 
bedews estimate of 0.1 ___ 0.01 cm yr -] and sub- 
tracted that number from estimates of water level 
rise obtained from the tide gauge records to esti- 
mate subsidence (the combination of geological and 
soil subsidence). The rise of water level at 42 Lou- 
isiana tide gauge stations ranges from about 0.2 to 
2.7 cm yr -~ for all stations, and averages about 0.8 
cm yr -~ for all stations with reliable record quality 
(Table 1). The highest rates of water level rise are 
where recent sedimentation is the highest (at del- 
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Monthly average water level from 1950-1979 at 10 tide gauge stations along the Gulf of Mexico coastline. 
tas) and where waterway construction and water 
management is most intense (at locks). The  lowest 
rates tend to be where the depth to the Pleistocene 
terrace is relatively shallow and where sedimen- 
tation is lowest. In effect, relative water level rise 
recorded on the gauges is lowest where deltaic sed- 
iment accumulations are thin and old, and away 
from barrier islands and man-made water control 
structures. Crustal downwarping has been con- 
tinuing over 1,000s of  years, and is assumed con- 
stant (Holdahl and Morrison 1974). Thus, changes 
in the total water level rise due to global sea level 
ranges from 4% to 50% for the locations of  the 
Louisiana tide gauge stations. 
Both the rates of  global sea level and total rel- 
ative water level rise in the Gulf of  Mexico appear 
to have been relatively constant this century (Fig. 
1; Peltier and Tushingham 1989). Even ifa change 
exists, distinguishing a change this century is not 
a trivial task given the variability of  the station 
quality, noise:signal ratio, and natural variability 
(e.g., Barnett 1984). If  one assumes that they are 
constant, then the difference between them, sub- 
sidence, is also constant. Also, because of  this con- 
stancy in the face of  fluid withdrawal rates that 
increased rapidly only in the past few decades, geo- 
logical subsidence caused by natural factors is much 
more significant than local changes in subsidence 
caused by belowground fluid withdrawal. Results 
from a standard industry model support that con- 
clusion (Suhayda 1987). The  exception may be at 
the Golden Meadow oilfield, where water level rise 
is about double that at two nearby gauges. How- 
ever, that station is also located near a state high- 
way; the weight of  the bridge may also be dragging 
down the tide gauge. Another implication is that 
the recent acceleration of  marsh to open water 
conversions (the past few decades) of  0.8% annually 
from 1955 to 1978 (Baumann and Turner  1990) 
are not the result of  recent changes in geological 
(deep) subsidence; changes in the vertical position 
of  the surface layer, not increases in subsidence in 
the deep layers, are a more likely causal factor 
driving these recent rises in wetland loss rates. 
Subsidence rates in the surface layer are rela- 
tively larger than rates in layers beneath. An es- 
timate of subsidence, obtained from carbon isotope 
dating results, illustrates this point (Fig. 7). The 
high rate in the first 100 yr is due partially to 
sediment compaction, soil dewatering, and decom- 
position. The effects of biological processes prob- 
ably exceeds geological subsidence only during this 
first period because the organic content tends to 
become stable below 2 m (exclusive of sand layers). 
The relative water level rise in the later period 
(after 200 yr) is around 0.2 cm yr -1, and is close to 
the average rise in sea level this century (0.24 cm 
yr -~ for the Florida stations; 0.1 cm yr -I globally). 
Thus, the subsidence rate after 200 yr is relatively 
very small compared to the first 100 yr, or even 
negligible. Most subsidence takes place in the up- 
per 2 m of the soil profile because of the shallow 
depth of the 200-yr horizon. 
One must be careful about using tide-gauges to 
obtain subsidence rates for specific areas for at least 
four reasons. (1) Total subsidence varies with lo- 
cation. One must not assume that subsidence in the 
waterway is the same as subsidence in the wetland. 
(2) Tide gauges were installed to measure water 
levels, especially to meet the needs of navigation, 
but not to measure subsidence (Anon 1965). Con- 
sequently, their geographic distribution is skewed 
toward major waterways, they are not distributed 
amongst inferior marshes, and they are found near 
the coast and in dredged chgnnels, not in shallow 
interdistributary bays and marsh ponds. Virtually 
all of the Terrebonne marshes have no tide gauges, 
for example. (3) The  supports holding the gauge 
are held in position (at non-standard depths) by 
both the lateral compression along its entire length, 
as well as the resistance of the material the sup- 
porting post is driven into. Further, the supporting 
structure may carry additional weight which, in 
soft sediments, contributes to the downward move- 
ment of  the tide gauge in the absence of subsidence 
(e.g., piers, wharfs and bridges). The instruction 
manual for establishing a tide gauge station spe- 
cifically suggests, for example, that "A pier main- 
tained for public amusement and recreation often 
affords an ideal location for a control tide station" 
(Anon 1965, p. 21). It is not demonstrated to what 
degree these lateral and terminal pressures con- 
tribute to the movement of the gauge on the prox- 
imal end. (4) Soil subsidence in the upper 2 m 
should not be uniform across broad geographical 
regions like the Louisiana coast because of large 
variations in organic content amongst soil types (< 
4% to 43%; Gosselink et al. 1984) and attendant 
differences in soil respiration rates, flooding re- 
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Fig. 7. T h e  burial rates for  "C-da ted  sediments  (data are  
f rom Frazier 1967 and Penland et al. 1987). 
gime, and sediment sources, for example. For these 
reasons, and others, detailed knowledge of the sub- 
sidence rates and influences affecting subsidence 
rates at many locations at each study site is needed 
(but not available). Thus, complications, perhaps 
unavoidable, compromise their use to accurately 
measure subsidence and caution is therefore rec- 
ommended. 
SEDIMENTATION DEFICITS 
Negative differences between the vertical accu- 
mulation of sediments and water levels have been 
termed sedimentation deficits (e.g., Baumann et al. 
1984). If  water level rises faster than the marsh 
builds vertically, then increased flooding results 
and plant stress is likely to increase. It is important 
to choose the correct water level record length to 
compare to the estimate of  vertical growth of the 
marsh surface, because water level varies over 
months, years, and decades. The 157cesium dating 
method usually uses the 1963 fallout peak as a 
marker for the best estimator of vertical accretion. 
Tide gauge records of water level from 1963 for- 
ward are then used to estimate a disparity between 
annual average water level rise and the measured 
vertical accretion. This disparity is generally on the 
order of 10-20% more water level rise than ver- 
tical accretion in the inland marshes from 1963 to 
the late 1970s (DeLaune et al. 1978, 1983, 1986, 
1987; Hatton et al. 1983). As it turns out, the 1963 
to 1982 water level change was about 200% higher 
than the average for this century (e.g., Fig. 1), be- 
cause the first few years after 1961 had relatively 
lower water levels (they declined in 1962 and 1963) 
and the following years had above-average water 
level rise. Estimates of water level changes from 
1963 to the late 1970s will therefore be much high- 
er than average, and using that water level record 
interval in the calculation of vertical accretion dis- 
parities may suggest a sedimentation deficit when 
there is none in the long term (e.g., Table 3). Fur- 
ther, if the marsh vertical accretion is constant this 
century, then there must have been periods of sed- 
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TABLE 3. Estimates of recent sedimentation in back marshes using the ~37cesium fallout record and from tide gauge records. Levee 
(also called streamside) marshes are excluded and always have a higher estimated sedimentation rate. 
Station Location Sedimentation Rates" Water Level Change b Source of JSTCs Data 
Chenier  Plain, southwestern LA 
Barataria Bay 
Barrier island south 
of Barataria Bay 
Ter rebonne  marshes, 
central LA coast 
(exclusive of Wax Lake outlet marsh) 
0.67 0.72-0.73 DeLaune et al. 1983 
(1,2,  3) 
0.59-0.75 0.67-0.74 Hatton et al. 1983 
(51-53, 55) 
0.75 0.52-0.74 DeLaune et al. 1978 
(22, 51-53,  55) 
0.55-0.78 0.67 DeLaune et al. 1986 
(22) 
0.65-0.91 - -  DeLaune et al. 1987 c 
" cm yr=' estimated with lSTcesium (1963 to 1978-1983). 
b cm yr -~ based on Galveston, Texas, record 1908 to 1980; station numbers in parentheses correspond to those in Table 1. 
c There  are no other  tide gauge records of suificient quality nearby to calculate marsh vertical accretion rates. DeLaune et al. 
(1987) estimated "sedimentation rates to be equal to, or greater than, the subsidence rates close to the active delta." 
imentation "excess"; this situation probably oc- 
curred, for example, in 1962 and 1963. The  results 
from the lSTcesium dating method should be com- 
pared to an average water level record rather than 
changes from a specific year (e.g., 1963). 
Finally, the long-term average annual change is 
quite miniscule compared to the monthly range in 
water levels (typically less than 1%), making a de- 
termination of  slight variations about the mean 
very difficult to detect. 
The  above is not meant to imply that other 
marshes which have fragmented or turned to open 
water have not undergone stress caused by too low 
sedimentation rates. Sediments, of  course, build 
and sustain marshes against a rising water level. 
But, strictly speaking, the data from the available 
sedimentation dating approaches cited herein could 
also be used to support the argument that marsh 
growth vertically is equal to relative water level 
rise when viewed over a time period of  this century 
or even a few decades. Disparities may exist be- 
tween sedimentation rates and relative water level 
rise (disparities certainly exist in local instances), 
but the ability of  the marsh to survive these dis- 
parities is largely unexplored and may be signifi- 
cant. For example, salt marshes, like floating fresh 
marshes, can stretch with changing water levels 
(Harrison 1975), and sedimentation rates are in- 
fluenced by vegetation structure as well as eleva- 
tion (Ranwell 1964, 1972). 
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